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Vaccination of Sheep against Fasciola hepatica with 
Glutathiones-Transferase 

Identification and Mapping of Antibody Epitopes oh a Three-Dimensional 
Model of the Antigen 1 • 



Jennifer L Sexton, 2 * Matthew C. |. Wilce/ Thierry Colin,*, Gene t, Wijffels,**f : - H *, - 
Liliaha Salvatore/ Susanne Michael. W^Parker^Terry mSpithfll,tanilr^ ./ * 
Chris A/ Morrison* . \ " ' * ; *' ;V * : *• SvS ' " '^yrs*-,^'' • ; - - 

•Victorian Institute of Animal Science, Attwood, 3049, Australia; *St Vincent's Institute of Medical Research, Fitzroy, 3065, 
Australia; and *Ciba Animal Health Research, St Aubin, Switzerland 

■ ** ' *.*••* * • . ■ * ii . ■ . ; * . , ... ' . . « i... 

The glutathione S-transferasgs j^hGST) of the liver fluke Fasciola hepatica have .been identified asfloveKvaccfne -;- 
candidates that protect she£p against a fluke Infection; Vyitfl the use bf wtjrlapfiirfg peptides covering the predicted 
dmind 4cTd Sequences of* four FhGST cDN As, we ha^e d&inoid thejirfeto 

antibody from Sheep vaccinated with FHGST. Dominant and minor epitqpes weig found to be present on all four * . 
of the sequences although some epitopes were shown to be specific to particular FhGST; A high percentage of the 
FhGST peptides were found to be antigenic although fconsiderable variability. in.igs'pn m« tn »h*> p^pttdg^wgy 
ofese praUmong the animals. This analysis was extended to the IgGtand IgGZ responses *he peptide Jeve|.£ased 
on the recently solved crystal structure of the Tat mu-class GST 3 T 3, a three-dimensional model of one of the . 
ThGSTsfequertces [ was generated thafallovyed the predicted spatial localisation ofcdeftned epitope*. Most Epitopes - - 
' Were fdcallzetf 6rY regions of high flexibility arid accessibility. A Comparison of epitopes on FhGST} with th? B cdll 
epitopes bh Srrt28, a 28-kDa GST from Schistosoma mahsoni, has found few similarities. Jhere was no correlation 
bgtw gen an antibody response to linearpeptide epitopes' and the level of protection induced in sheep by vacci- 
nation with FhGST. Journal of Immunology, 1994, 152:1861. v. y... i 



Glutathione S-transferases (GST) 4 aire & faiiiiiy of * the first st^ in the formation of jnwapturte ati^ 

multiftuiMonai proteins that catalyze the cqqju-. '< . Sical wi$er solpbte ^c^tio^pKb^icfis (2), fj^ clas^of . 

. . gatipn of glutathione to electrophilic substtates. ( mammalian c^rtosolic, GST {alpha, mu,ip^ and tbeta) faave. , : ^ 

/The^QS^'iyugates are thought to W"subst4^.ftiir ttiS teen de^b^ihat show ftrbadjnit overlapping $U^t^ 

^ AipHlependisntGj^X export pump (1) or altonafiyely are i ' specificity (3>. Reccn^(nsuiw!ta <\i 

-V\ " y ' analyses of these enzymes has been significant, Since 

: \ u 1 — : '-^r r~ h ;the fitstreportedcrystal^ctoeof apigp . 

Recei^^^ ^ thecrystal swlctoe,of two of the classes, pi and • 

Thee^uof^lteattencfthlsartide T ^ ^u T^ • 

chaises. This article mutt (herefore be hereby marked tdvertiscomt in • allowed for the first tin®. to dipfcCOX COmparpthe . 

acct^ncewithi8U3r.Seciioni734so!dyto^ : structures frbm different dtoei cid attempt to relate this 

IdIII!^ • totheiroverlappingbut^^ 

Department of Agriculture, Austratlan Research Council, and the National 1 u. &^ZJ?- .j • u '.- Vc 5 T v.v^-. 

Health and Mailcal Research Council. M.W.P. Is a Wellcome Austratlan Se- The Use of GST a£ an Jmro&ftOgen f& VaDCination of . : 

nior Research Fellow. animals : against parasitic diseases has been extensively 

L^I^»^!irAT d ! , 2! ^ I S,S} l f ts ^:iTlL e \^^^ ' characteriied with a 28^kDa GST from Schistosoma man- J 

^te^^ ^ (j< jjgg), Sin2S has"been shown to consistently indiice ' 

'Present tddnu CSIRO, Oivlslon of Tropical Animal Production, Private Bag 
No. 3, P.O. frrdoorooplliy, 4068, Queensland, Australia. 

4 Abbreviations used In this papen GST, glutathione S4ransferase; 3D, three- * : — • 

dimensional; FhGST, GST from f« hepaf/ca; %HOO, percentage of the highest > Wllce, M C |. and M. W. Parker. 1994. Structure and function of glutathione 

OD; Sm28. 2B-kDa GST from S mansonL S transferases. Blochlm. Bhphys. Act*, itn press). 
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a reduction in total parasite burdens against an infective chal- 
lenge in many animal models including mice, rats, hamsters 
(7, 8), monkeys (9X and baboons (10). Synthetic peptides, 
selected on the basis of predictive algorithms, have been 
characterized for the presence of B and T cell epitopes (11). 
An octameric construct of one of the peptides nrJmicked the 
action of the whole protein by partially protecting rats after 
active immunization (12). In addition to the observed redtu> 
tiDAtn parasite numbers, immunizafion With SinH decreased 
both the fecundity and viability of eggs released by £ man- 

. soni worms (10). The reduction in worm number and tfee 
effect on egg production are believed to be mediated by de- 
ferent effector mechanisms on the basis of a study using mAb 
to Sra2o (13). A recent study has localized th^antifecuiK% 
effect to Ab raised against the carbroyl-temiinus (peptide 
190-21 1) and to a lessor extent the amino t^nfc {{fep^ ! 
1(0-43) of Sm28 (14). Recently ltottein et atftS) have i§ 
ported die crystallization of Sm28. Hie sriMkig of this struck 
ture will enable localization of both B and T cell epitopes on 
the three-dimensional (3D) structure as well as defining their 
proximity to the active sites on the enzyme, ^ 
i An -jflitiat'Study using the GST from Fasciola hepatica 
(FhQSJ) as. a vaccine candidate .id rats, failed ;to induct 

-protection, (16). In contrast, in our own studied we haVe) 
significandy protected sheep by vaccination with the na- 
tive FhQST (17). Four cDNA clones enpoding^GSt 

-have i subs&nuendy been isolated and sequenced and fount 
to be homologous to the mu-ciass of GST (18)- Thesti 

. recombinant proteins have been shown in vaccijiation Iri^ 

,al& to protept both sheep and catti$ ag^n^tflu^e^ecti^l " 

, ffaWMSi M., S. Mailer, L. S^lvato^VF, •Bovpn,. T* 
Frie&t C Morrison, and T. Spithill, unpublish^obser^ 
vations). In our study, using a set of overlapping peptide^ \ 

' predicted from the cDNA sequences of FhGSl; Wp hav$ 
been able to define; the linear epitopfcs present WAe four?' 
rGST from F. hepattca using, Ab from sheep vaccinated! 
with FhGST. With the aid of a 3D model of FhGST. based 
oiiihffkiiii^n fcrystal coordin^^dfthe'rat mii^s'Gg|. ' 
(5), we have 1 localized these epitopes spaa^ly%i(h^drti 

,dicUa suture of the FhGST molecule/ •* ' ' 

th6^aria6afty of the antibody rarfthse &f ffltffttfW- 
cinated'shesep to respond tb a defined &tigen&^ 
Importanily; we have analyzed the humoral iirMinVrci 
sponsetoiiative FhGST in vacdiiated sheep in ^fc^' 
. to identify peptide epitopes recognized by animab'rfiowi 1 
ing immunity to Suke infection. r < '* -l 

' MaiteHaJs and Methods : ; - : * : i 
Immune sera 

* . • ' ... 

A group of 10 Merino wethers, obtained from Hemy, NSW, 'Australia! 
*^:wiirwiuzed sx. with 100 fig of native- FhGST to CPA idfa 
Farkyifle, Australia) 8 wk before challenge. They received a boost of 100 
fig of FhOST4 wk before infection in IFA (CSL) and a third similar dose 

mSStSk bcforc ? haJIcn « e ' ™ c "tap «we infected intrarumi, 
nally with 500 metacercariae, purchased from Compton Paddock Labo- 
ratories (Surrey, UK), suspended in a 0.4% w/v suspension of high vis- 
cosity carboxymethylcellulosc (Sigma Chemical Co., St Louis, MO). 
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FIGURE 1. Sequence alignment of mu-class rat GST and 
F. hepatica GST51. Sequences.prcflicted.from cloned cDNAs 
for the ral.{29),and F. hepatica (18) GST: were aligned. Con- 
served reside . J5cpsj^ have tf?ffned. through trie s?r 
quena.Jh.er^sid^numberi^ \* 

, • **" * * * «■».*. * * **. *•* i * * . ■ 

. » ;^ -:\ tJ.o \ **^r s c * ; • »..• . * ... .t.fj i,^, ... . 
Sera were collected from these animals at 4-wk intervals and stored' fro- • 
zen at -20*0 Animals were slaughtered 16 wk poslinfetitlan andltVer * 
worm burdens were determined. One animal died during the course of thy ^ 
experunenL^ativeGCTwasrwrifie^ aSiprpviou^^ i 

J Synthesis of peptides ' > . v 4 

Oyeriappir«.nona5epUdes; iniliaUhg at ^Very second residue, were^-. -j 
thesited from the aminb acid sequences' piedicted. from the* four io£r S 
cDWAs of K hefotica (18) on cleavable-linkir derjvatized polvemyfine 
pins (19). Biotirr was coupled ttrtui N^uifininal extension (Ory-Ser-Giy. 
Ser-Giy) on each peptide. After sioV-chain deprotectiori ana washing; thV- *i 
peptide, was. cleaved from ^eapji^ T t 
phate buffer, pH 7i.Nficrotiter plates containing the cleaved, peptide ' 
solutions were 1 ^ at ^UrCwti rkeoeoC^syrmi^^ 
tides was performed by. G»elco Mimtitopes (Claytoft, Austniia). 



EUSA.. ^ ; ^>V^^ 



Poryvinyl' ir^crddtef plates ^ Nun^i^a^'Denr^ ? 
ownknt* at.W withSiigrail streptavlbln'<Signia)»iri ai'M carbonate " 
.tafei pH ftWQIfi^yg^W^ a05%,Tw^.^. between v- 
mcubatiohs,.pnbS s|tos Were blocked with PBS-Blotto r^™ 2 ^ 



v^ Tween 20, 5% w/v skrramilk powo^(DirjlomaT* RxiaV^ 1 -. 
Melbdamfc, Australia)) [ (200 Ml/weWforH.'k Fbfihls and all iobsequ^ : '. . 
iivai^ons,^p^ wrote 

platform and, unless otherwise s*tea\.a volume o£ 10O |U Wao^S^ - 
each wdL '^ioth^latea peplidei W dltuted t/5(Jp in PBS, <U)5% 
Tween 20.t).l%w7v?SA;jutdiiumbatedfort;h^ J> 
^Incu^ t^impther 1 ii.wto 

Uds step and all subsequent dilation* A At, P&S-B!om> was ttsed.as * 
4iluenL Total bound sheep 2g was measured with the addition of a J/500 
dilution of affinity ^ed do^a^sheep Ig conjugated tb torsera^ 
ish peroxidase (Sileiuis, Mdboume, Australia) for 15 h. Altemattvely, 
tpecific 1^01 or IgG2 Ab subclasses were measured with the addition of 
mAb to sheep IgOl and IgGZ These mAb were generously aupplied by 
Dr. Ken Beh (CStRO, McMaster taboxatory, S^dney^ ^Australia). Bamd < 
mAb was detected with 'the addition 6T an affinity r^fied 'ratoit 'arttf- '' 
mouse Ig conjugated lb horseiadlsh'p^xidasB (Silenus) for 1 J5 hi Color ' * * 
development was achieved with the ao^itidh'of 100 iU f QJOOl M 23- 
azinobis (3^1beiizttTlazole sulfonic acfd) in 0.062 M citric add/0.076 •' 
M NajHPO; pH 4.i0, 003*5 v/v hydrogen peroiuje. The OD w»s rnea-- 1 
sured at 41 4 nm with an attoitwted TOcrtek Mulliskan SMctrophotomctcr ' 
(Flow Laboratories Australr***, Nth Ryde, Australia). 
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; ' FIGURE 2. f Amino acidL-sequence of four . cam V c it l t q • v i i°m r i ta d k h o hl c i t p t r r a? r ° 

..r.rCST .from f P ftepatfcaj-showthg the se-- ;*osx«7 * N • v V < s .v'- 

• quenceof rGST51 In full and sequent dif^ v ^^7^ . ^ •. * • .i-* , . \. v 

feren^hrGST47/iCST7,andr^./^' •*•«•'•■; i . l .. . x ... p . ' 

asterisk denotes the beginning of the protein 

s^uence predicted oaxsi 4 1 . k t « o * a kTl * h a r v « v c 1 ^ » k r e » v ic o 1 ?? 

^.rGST7,.a^ #t . cm7 } . ( ; x . e> • . jtb 

ping nonapepUdes, initialing at every sec- - . caw ' x * * o l * * ' ' i ' " 

y^bndjr^ v, *t* t / \ v *. *\ .0 ! - x • ■ 0... • . .,«•«». -rco 

'^uerVc&'of rtSt51 and'reglonsthatdifoln : " " ; ' .i^' • . 3: v . .: V* 

*tCST;47; .r<5ST7; and'rCSTl. An .extra six * " 121 4 130" *j 140 .• r • 150 

s pept^^..(p^l^ 315-325) were' synthfe- " "J ¥ * * * 1 p J * *?? M * /""^'lto.^.b. 1 ? 
: ! slzedtp cover possible N : terminal polymor- • esn ! '*o ,>-,•:!... , - Q * * . , 

'phlsms In the .unknown N-terminus of . osxi Id x . m - • d* *** kip . r so 

iGSTI from F. hepatica. * ' ! « 



CST51 l?lr HVIEAI D 5^C A ILAPQC 1*IdT FXLK B . F *H° 
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f*V tf 01^ cttiesiNW^ tq bound Ab are expressed as apctcemOD.calco-j */t^Brcx»khavcn Protein DaSas^ 

J V - " fo^^'T^ovcx^nannied^ * ton. NVrjand the Kquences-of tfe Pcuciola and Tat mu-dass OSi; were 

; . ^^vidaals^ byte C© to we|ls ccteaining'iio peptide.'* ; afigdetfby hamlassbowrrin«gUre:f/The progfart HOMOLOGY <Ver- 

" T mLS^S? 0 f 5" ,ritectel ^ ^* t, *W *c wcHs 1 " skra iO (1992), BI.OSYMTechnotogies, Inc*, San DiegcvCA) wa>used 

» » T ^ jF ^ Itf ^y * corrected OD, Era oprrectaf OD was then* to assigti the cportfinatesof rat tnu-dass OSTib the FhGSTSl in the 

1 . ofthe hfehest OD gjm'ienim obtained \fojtowing'*inahne£.* 1 Whert.-thc ;*hfc ehalnf of' the tat mo-ctasj and » 
.; * , 4 ,.agaiim ^ J^dcs fated in die E^SA ted fer^ TOOp: y ''nio^iWto^^ 

^ y the backbone and tidechaml were transferred to the-FhOSTST ouxSeL 

. ; : CQn$tTUCUOhiqfF. hepatica GST model .. . ' V^ere (he rat n^^aa^and^lPhGSTf l ( s)de cJiaiiu dlffereoV taly Che pq>- 

• v '.' • ! . ' . "tide backbone coordmates. were transferred. Ccxmiinates.fbi noncon- 

' ;FhOST (rGST51<f8)) has an amino add identity of 45% with the rat served side chains'. were take 0. from an amino add rotamer library and 

' • mu-dau OST (20). A comparison of the terdary structures of homolo-i • positioned in the' mode] In. die sarr^e. orientation as. the replaced tmhio 

-gous proteins have* found that 3D structures show a higher degree of add residue. There is a five residue deletion in the.FhdST^l sequence. ■; 

- conservation in evolution than primary structure (21). The 3D structure! be^imuig at resic^ number ^rdari 

oftheratmu-classGST has recently beendetei^mM(9andumYu^rat To permit, flexibfliry in thi* region, residues 38 to 40 of tne rTiG§T5l 

' ntu-cfass GST structure was used to build (he core rramework of tht model were not assigned coordinates from the rat mu-class GST. The 

FUGST51 ssadsL Tha fgl mg g f ^ flCT rr«rmf?n«t~ 
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• a s a a'a a a E a S-i s - = » s ^fP's's^ H'a' a s 5 5 E 5 S'g g • 

* Amino terminal residue of etch peptide N4emfeul 

bad has been included to indicate the variability between sera in response to that peptide, ; • <" ■ . : ^ * 



• 'Wj^twcra residues 37 and 41. The C-terminal extension of the 
FhGSTSl were assigned coordinates from an amino'acid retainer Ubrary 
and -put into an extended confornation. 

: . This initial model was modified to reduce close contacts between side 
chain atorasVThU'was achieved by manually adjusting the dihedral an- 
gtes. A complete energy ndiiindzation was performed upon the model 
using the program DISCOVER (Version 2.8 (1992), BIOSYM), with 
* 500 cycles of the steepest descent method and 1500 cyctes Vth the 
conjugate gradient method. The surface accessibiHty 'and the secondary 
J^tore of tfe FhGSTSl model were calculated using the program 

H Results 

Analysis of linear epitopes on GST of F. hepatica 

.Ov^ping^ (initialed :at eVery . second 

amino acid) were synftesizcd to represent all the possible 
linear epitopes predicted, from the cDNA sequences of 
. four GST tor*adu!t F. hepatica (18) (Fig. 2). These) pro- 
..teins Jmh Jpyi termed rGSt51 f ,rGST47 f iOT7*!and 
:tf>STJ. All. peptides covering the predicted aminb acid 
t sequence bf tOSTSl were synthesized whereas only those? 
IjP?*?" ^^f^ 0 ?* differences 'to rCSSTSl 7 wrie- $yn- ' 
^S^S^-^^ ' Wi»^cted priiparjf satires of 1&ST47, " 
K1ST7, and rGSTl. Although the rGSTSl protein Was' pre- 
dieted from a complete cDNA, the other FhGST \aDUAs : 
; >verc # inc6ipplete and did not encodd.flie N-te|mim QFig* 2) 
(18). Thf N r tetiiinal sequence wai.detenriined by amino 
apid sequencing of the entire pool of affinity isolated FhG- 
STs (23). Tlese data revealed highly conserved N-termini 
out three sites of polymorphism were observed at positions 
9, 13, and 19. The iGST7 and tOST47 sequences cow 



this, region: being tnincated by only seven and eight amino 
acids, r^ectively^pwe^ si^uehce begins - " 

22 residues short of the demonstrated N-terminus/In our^r.*- • 
study, #e"h£ve ;assi]gned the^hb 'abid? liu; G^jtaitr. V. 
Leu for^ositio^9 f vl3^,and; 19, respectively, inl^^i^^^ 
; these ndhiihafio^^ v : 
of rGSTltouY^ 

M M unpublished obst^ations^cMhe relative ratios ' 
of ^^l 31 *: respectively, at the polymorphic 

amino acifl; positions observed by N-terminal sequencing 

. of native GST (23V I* theeveftt 4har the*je.assumption£ ' 
were incp^ an a^ . 
synthesized ,jo coye^tfte . reM^ ficqu^noeSL/ c ^V 
arising frpm the polymi^iuc sites^Jhe; peptides start. Irani* 1* 
the Piro,^Jipt the,Me£ (residue l^J^fafla^o et id. (18)),<s ' ^ 
because the. tyte^ £f native QS$f§£ 

.'.from " a^dt ^aiasitp >!did tiot . identify Jihe Me(^ at< : . v^ 

. residue 1.(23). , < -> « . -* : '\ ✓ :wX ' , t t * « ^<z\a x :;'^ 
. Mydtrad sera, colIbctedi4 ifter. c6alleiige ^ii^V-!.;^ 

/fcepf?;/^^ intaiu^feea withjiative 3CBT^;.^V 

wereassayetfto 

Thkjpup^fw^ : 
cine trial investigating the vaccination potential of imtiyet^Xl * 
GST from *dult F. hepatica under differing vaccinati 
regimes: The highest leVel ' of protection in the trial was ' ' . 
seen in thifi group !with;a 44% \ reduction (/) < 0;001) in; • > i *' '* 
worm burden relative to thelnfected cbntror animals (Sex- 
ton, J., M Ptoaccio, S. Mailer, L. SaUaune, G. Wijffeiji, 
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L. Wilson, N. Cambell, C. Thompson, and T. Spithili, un- 
published observations). The decision to analyze sera from * 
wk 4 postchallenge was influenced by the biochemical 
findings in our first trial that suggested that killing or re- 
tardation of the challenge parasites had occurred early in 
their migration fronv&e intestine and through the liyer 
parenchyma (1?). The ^nti-GST Ab response in these sera 
(titers of : .l/2(»,00q-l/l f D(».<)00) originates predomi- 
nandy .from >^ocination .because^ it has Jfcteen; ^oiyh fey ? 
EUS A analysis" A^iiiifectibn. with R %a#i$tnduce$ * • * 
.oriyav^lowwtiHSStAbra '. 
.experim^^c(iftd^oii[sXiiate i^hbwn). fciQ qgge!^ 
• ment with .die i^fitits$ (24): tj$ijfatinji$ )•»* •* 
*' that to obtain a peptfd^ Vqan' Wiih r sufficient sensitivityrtb ' • 




■■■■■■■■BilaaiiaiiKB E ■BiiniiialiiEiiiiii 




FIGURE 4.. Total Ab reactivity of polyclonal sheep serum to 
F.hepaiica C$T frbm.rtine individual anlmaVdn the over- 
lapping peptide? of rCSTSI; K3ST47J rGS1^< and rGSTl. 
High reactivity (%H&D **40) Is denoted by a black square, 
with^a graysquare representing reactivity above background 
(15*'%HQD < 40). A whitfrsquare (indicates- reactivity be- 
low background (%HOD <. 15). The.janimals are in order of 
increasing worm burden irom iert to right with worm burdens 



T*e*VOT$% 
peptides is shown in Figure 3: The height of the black bar ' 
represents the mean %HOD for each peptide obtained by 
averaging the response fro^ the wnea^ . 
One SD {height of the open tir) ha§ ' rjeen included' to ' 
indicate:. Ae vju^jUtyjin rewtivi^tetweehisera. \Ttejre- ; 
'fore, a h jack bkr indurates a"; ConsBt&id); too^iiieii t&'i 
sponse (o ^it^ptid^liir doiitrMC^i "variabai^^ ti^p i : 
response to a .p$)dde -is indicated^ Figure. 3 solely by ^ 
white bar' that demoiisiaies the SD;is equal tot or .greater 
than the mean. Cbmpariswi of tlj'e peptide "seans for e^ch* 
'of the GST.prqteiris ;midicate.5 ftati^ctivi^ is.preserit 
along the lengtlfo? toe Your tPST s^en^lhidie^o^s 
of higtofcjt ^ti^ni^jy^^ . 
half andthe .C-teqninus.; Jh$ response to many of thes? . 
peptides is jiighly variable c&'demQil3tra^[by lax^c 
{SD. pftfep the SD was equivalent t0" the ttfejage rempnser 
ib that peptide; A simijir Walysi£>$&''^ 
*era froin 6uf fii^t brial (if) '$di j^p^ Dui 
'to the few^r GST Ab titers in sera froth this trial (data not 



To detehhine ; if t^lrticiilab linear^ epn 
; With a^$&^^ 

rviduallfct^W^^^ '^laiiix^ ' ttieUx^: f . 



fitfaidlH, ; 



^ctivity;^ >et^^|>bv& ^m^tyl^g^^ 
i lower re^Uvityestiablisiied as above ISftftOQ an4feto\£ 
40%HOD (represented by a gray square)^ pfrje^n peipeiiti Kti 
• /was chosen as the cut-off for a positive ^ction.ai jttatfc? t, 
: ^parison of lepe&fassays on individual sera#iinj$^ r* : 
* greatest variation -in Reproducibility was observed below •* 
JhisIevel.Thedafainfi^^ 

of 40, 122;124;i72, 235,242, 270* 31% and 406, respec- ; 
tively. The mean; worm burden in ^e^ntral she^pjn thj^ vv 
trial was 378. Thus, animals- 1; 2, 3,. and 4 showed greater 
than a 50% reduLiiun in wumh butdcii nrldllvc lo owrtu/k. 
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Tablet. Shared and sped fic epitopes identified on rGST 



Epitope 
Class-' 



Type" 



Epitope 



rGSTSl 



fCST47 



Shared Dominant (region A) 

Dominant (region B) 
■•- Minor; • 

Minor 

, Minor 

Specific 1 Dominant (region 0 

.. . Minor . .. 

Mftior . 
Minor ' 
•"• '\ . • Minor 1 
Minor - . . -I - . 
Minor 



rCST7 



rCSTI 



49-61 
•83-93 
3-11 

69-77 
127-137 

'•35-47 
• : 17-25 
.105-117 
117-125 
J83-193 
\h19M05. 
. -201-213 



+ 
++ 
+ 



± 
+• 
++. 
++ 



+ 

++ 

" + 



± 
± 



+ 

++ 
+ 



± 
± 




+ 
++ 
+ 

+ 



'response rjS i * %HAtr'.>.$<fc 
-^It^-ThejdSriftjf . 
the animals to thaYepjfope/: ' 



vV- 



(nos. 1-9) ranked in order of increasing worm burden fipm 
left b right The data show thai, thert'ls ho' peptide(s) to 
•;.which aft antibody response correlates with* a ieductioa fa 



. . r t»uj awa iiuui 

a total of 89 sheep from different iiaaVe GST Vaccine trials 
.andhaye not found a total Ab response to ahnear epitope mat 
correlates with protection (data not shown), ' 



i in which a Phe/Leu(41), Glyf42), or Asp(43) in rGSTSl 
I and rGST? correlates, with ' reactivity araiotifeRlial'e-or no' 
j reactivity ^asoBs'erved In rGST47 aridrGSTl witfia Met/ 



lis • / tively. Minor specific epitopes are preiifenf 6ft arrufoacids 



ignition if shared epitopes dnrGSTsofF:'hepaiica 
: ^lAn epitope .has been defined onthe basis of reactivity bv. 

. nil rn* nnrt »u_ .< - . _ ' ■• ■ * ' 



- -T- -r- « Ull ttJIUHU aaos 

1 7-25 orf rGSTS I and rGSTIr 105-1 17 and i 17^125 on 
rGSTl; 183-193 : orTrGST51 and rGST47; 195^205 on 
*rGSTS,l, rGST47, and rGSTI; and 201-213 on rGSTSl. 
The region - 169. to me .-C-tennirius of all -the rGSTs is 
highly antigenic but the pattern of reactivity is not identi- 
^cal airTdngf the rGST£ It'is' interesting to M\heC- 




• 1 "f il*.* ■ • 
t ^ •* . 



f -.^.iuruno^dds.49-61, which we t»ve«emed kgion'A'and l i 
<;;^ iecon4pn.amino acids 8*43, tennedjregionJB. ! 

acid : sequence, of region A k identical itf ]aili 
"^£89* ^ uence °%gion B differs amdng^tite'fouF ' 



1 r- 



r* 
.«•*.* 



■ i i # • — — ™*mu. iuai' Dur. wim.a lower 

% *^&£S% ^ ? « lfo P es ^««» among • ' 4 solvit crystal •structure ^m<mm^t^k 

. .^f^^tepiesented^^Tablel.vtv-, .. ^.I^acTia^plot (25)^mel^kl^S ^ 
.'• w •; '« i ,! " .'• " :> •• ' *' • r^^eiPhGSTJI model illustrated that all the residues are 

Z?"r b PP °! e P'topes specific to pWnil&fcSt of tofi S#% dfcWd angle ianges fof / nrottihs.(data, 

w^W-dUl specific epitopes as^e epitopes ma, ^^^^^S^^^ 10 : 

are found on particular rGSTs (Fie. 4) The m^t *<^;„H ' |T ni j 8n ?f? .fP^W^tonm shared epitope; dark 

' . of these tfi^tm^t^o^Ch^^^^ ^^^^^^^l^y^w^oci^cise 

aculs 35-47 7Ss«T»n^^ 00 "T 10 ^ armrio acid.bacHnme ^ 

" iSty'bVtween^c^ ^»WSd^d««^i3£iS 

^rfJJTC!!"^!^^ monger (Hg.5£») and d&er (Rg. 5c) lepresehtation of 



oe oue to the amino acid changes »t rr «irf 4 ! . 42. rnid 43 



the PhGSTS! rncde! ui;h residue cumbering U&cxzi 
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C*termmu$ 



Region c 




on the schematic (Fig. 5a) representation of the model. 
Each of the epitopes defined in Table I localize to both 
loops and secondary structural features such as a-helices 
and 0-strands except that two of the minor shared epitopes 
at amino acids 69-77 ana* 127-137 that lie only on a-he- 
lices. Regions A and B from different monomers were 
shown to lie in close proximity (<8 A apart) in the dimeric . 
model (Rg. 5c). . . . : . . ; ' . . 

Comparison of epitopes with amino acid surface 
accessibility and temperature factors. l' y ;1 -V - . . 

*- V & „. .V V** * ** "" 

Epitopes have most fre^nfJy b&n obs^edat re^ns of 
* proteins that are sutfactf* accfessiblfe (i^'and thus>tr)osi 
methods, foc predicfirig therloe^Gon of epitopes aie.b|sed. 



on this observation, ;T1ier^rtace 



Si&^the* 



. FhGSTSl model is shown in figure 6. Ahother commonly 
used parameter to define epitopes is localized flexibility 
(27-29). The crystallbgraphically determined temperature 
factor can be nse£ as an indjicator ^of main cbaii 
The main chafe temperatuf^ factors of %Sfi&i 




ature factors '^XJl^\.f/s^bM djffS^trSSrmn^iaii'^ 
classes (alpha; ;rnv^^ * 
the high sequence jior^J^ 

class GST* indicate ftia£m^^ **. 
tors provi.ae.ti ^3e^o^^e7£$^3aE|(f%Il ^ftl^xi^te ^fex^V • 
ibility of th$ main qh^pf ^Jr^GSt5) t moteufct. % . v 




rk, la in an area ui+uie -.nipucr uiai « ng]L;e^gpsea lO ine r *; * 

solvent indjsjtof JfjEgffi^ v ; 
ibility. AHlifW^ar^^ 

69-77, are found at positions tif high surface accesribilky 
and flexibility^; : * 



lea «S^1.%A r j^i^atl<; r^re^tatfori^af IherrVtdnomer Is 
shown in (a) tffrf|$ne Vie orientation of the mbleculel Epitopes 
defined in Table I wfere localised 6n the monomer (b) and dimer 
(c) configuration of the? SEX model, of FhGSTSl with the follcvW- 
ing.colorcodirig:;i^^ominantshar^^i{op^ reglpps A and 
B:, drarjge-minor shared epitope; dark Wue^orQinant'spedfic 
epitope, region C; and ye/to w-minor specific epitope, turquoise 
blue represents the backbone of die molecule. 




shown) and It* was -is!t- -\ 
. ficity at the peptide level. . • v * 

to determine ' wibcl^ 
epitope^ triplicate assays ^qf to^ . ' 

IgG2-specific Ab w^re Jjp^Qqiifed. conpurrentlyV It * \yas 1 
. therefore po&ibleftdir^ < ' 

the peptides on a/sciin 76r toiaJ Ab to a cohtributiori by 
IgGl and/or IgG2 Ab. As seen in Figure 7 only a small 
number of peaks (shown in green) could not be correlated 



B CEIL EPITOPES ON GLUTATHIONE S-TRANSFERASES OF Fasclola hepatlca 



250 




l n l t l... M . H M . M, M |. M ; .M . l . u iinM ii i i i i nm i uu i| um t l j wm ll | li lU ll HU f.|i, U ll iu i M 4 I , 

1 10 10 SB 37 48 /65; .64 73 82 * 91 100 109 118 127 136 145 154 163 172 181 190. 199 203* 217* 




40 



J2 *'V**grjg.v*7 V v - 



07 «»•• .V- 



l> « » • *Mw . 



20 



10 



/ A • :> . 




i * 








\ : f\ 7 TA'-*Wr 

A . v. . / \l *VXk 

\Aa / - -Vr I 








• • Vf ~ V *>/ • 


" . / \ . if.- / * * : 

'W w .*..*. 

V *. . * **• *" 


,;: * ' J^-S. 




1 






' ' t **, 

t i • - - 




• * 




• .- 


* * * « - 






s^f -^S 1 ***} * ?' 80,1 C to^b6«i , «^W.ffi^tidfel,e^ with the differences tifrttm* *rM 



^ i: ?epftopes 'at rcgioiis ««^- anagram? id oom 

^t^j^mAXgQ^AJb (blaek). Generally, mosi'p^a^were 
^ ^v>««ggd J*%b «rf the igGl i^'^^^bnii 



•via: i ^v^~-rrA.' ~ rf fe 02 responses 

^A^^^'^WW^A of animal 3 that, was.^ominated . 

A'}. - • • ' fV^JWPa number of responses (shown injreen in pgi 
^^lSSM*^ accountel for by IgGi;or ti$&&4fa- 

sheep. IgE has been implicated in immunity.to>helminth 
•: :/fafecatm'(3Q). exemplified by the conelatibntaf an, IgE 
•• response with protecUvc immunity in rats ajid humans ta- 
• '.fected withX mahsohi pi). The cDNA sequence of sheep 
; • IgE has- been cloned anttspedfic reagents for the detection 
fAeep IgE are under development (32).' -'• " 



, L,*f. 

.'TteT>eptide^p\to^ofS^tff^ >1- 
. ch^jni(»-i^rati| \&i&&lB^-1&W4ffi* 



v * w r**y?* w>w t * wf; **/ t w~ u&^iui4C9 — hj 9 i '-ana 
140-15* ^*c^ 
24-43. on FhGST contained the N46flninus of domi^ * » 
nam c^^i* at fe^Ioii C oiiltJSTSl arid rt3ST7 - 1 - 

C-ten^ui off ft'miridr 1 ^itdpe' (17-^25J on KStsi ,; 
iOCTlVFor r flie te^bn on FhGST h'orootogoufe to the Shi28 * ' 1 : 
peptide il5f^l31; ita^yi^ was pteseht only oi^ iGSTl at * 
the C-^ tod-N-teraito f respectively, of the^ minor specific 
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rQST51 


AnknalNo. 


1 2 3 4 5 **9 

f. m m it? 1* re n» 







-\* is 



-2L. 



IBEE3 D3H ff^H! 7. * DE2E 8XD3 " 
I . . BE33BBIR8IKR , 



Jaw* 
Jrbgn 



J0- 



icsmraiMacca 
iiLiiuHinni 



+4^ 



I Hi MS BBS EMU < 

m to 



IH9BSIRH 



= 



-IS-)" 



^ ; [ljajg ,,BBi "' 10,1(9 

■ I.I11JIW WBBM ■ ' MM 

ftseathimiKHBscBH — rMrvse — 



■Iff 





m taw he»r 

BBRnKM DDBHRW 

- MBSa - 



to- 



epitopes at I05-1 17 and 1 17-125. Little or no reactivity 
was seen in the homologous region of FhGST for peptide 
140-150 in our sequences (residues 133-144 in FhGST). 
Antibodies of the IgA subclass were present in human in- 
fection sera to the peptide 159-175 and the C-tenninal 
peptide, .190-211,. of Sm28 (35), The low IgA Ab titer 
induced in response to vaccination of sheep with FhGST 
precluded determining if the C-termfous.of FhGST .simi- 
larly induced. an IgA response. However, /the C-terminal 
region of allt four iGST an; "highly ahti§e«iGtqli^th 'lgGl 
*nd IgG2 Ab (Fig. 7 and data not shown). \ j : 



Discussion 



. Althougtresearcti on Jhfe^ft^ynte famtl^of GSTs Jias been 
extensive* only recently of 
these proteins biien d?ti3<^ * 
these data; the very extensive stucfy on the'aritigefiicity and 
immunogenicity of Sm28 from S.mansonl has defined 
likely regions of B and T cell epitopes on the basis of 
predictive algorithms (11 ). In^u/study f -we haye,beqn ablet 




and subsequently locali^&es$£^^^ 
a GST from Fl kepdticdS^ " ' • v % ; r ^ " 

The antigenicity of thefouriGSTs is highinitie^p; with 
80% of the peptides of iS$T51 rGST47^ 66% 
rGST7, and<6lB%tGSTf) reacting witrfat (east one or more 




' located. Thii is <^siit$t ^ 
tire surface of a molecule fe^ 

sites (hat el|cit ,anj|mmune;response T are a functf^of die ' 

bias of the immune, respoi^^^ 

39). The variability ih;fte^StOT ;of.rea^vity seen be- 



tween animate highlights tirc need-to compare the- re- 
sponses of ^fai^&'nuribdr ^^T^onin^lo ddl^nrtoe.a true 
• . analysis of Ihe '^ti^eiScit^ ofia prolein' in any fiahtaflar. 
'■\ ' host ?liie;aVan$^^ 

) ./Fi)^y$^^ 



extensive 
<data : hdt 



ysisrofsefafrom r ! 



in 

^^pfja^iio^ 
»to liatiVe 

am- 



; (or only 

mals ;'y 'dfi&Jri^vfa&ddtt^M jMU^r lfufeo' flfi£n|de pdol; ' 

CompaS^l£*j^ of 
other proteiifi^jusing pv&l4ppin|^P^ 
levels, of i^$yi$..Jn^ 



strain- pUiaf (40);^bbtt; ^enw^ici ^^tm^ 
cross-re?t^;witfi,^^c4 dpng %airntjfc lep^^f th 



RGURE7. Ab iscftypetea^ity <jf polyclonal sheepj^rum 
to F. hepatica GST ^fcpm efghV individual animals on 1^^ 
lapping peptides 'W. ^SiTSKV^ Iso- 
types with a peptide hwT^n ^fi^is both IgG l ahd lgG2 
[black), IgGT.only'^ui^ekigGi^ (b/ue)^ruqkinpwn 
isotype (green). • " ■;■ : * 
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B CELL EPITOPES ON GLUTATHIONE S-TRANSFERASES OF Fasclok hepattca 

Table II. Comparison of defined B cetl epitopes on peptides ofZB-kD GST from 5. mansonl with horn logout regions on GSTs 
from r. hepatic* , 









S. mansonl 




f. hepattca 








B celt eptlope 




B cell epitope (defined In Table t) 


Srois 
Peptides' 


. Homologous 
FhCST Peptide 


Identity 


Human sera 4 


Rat and mouse 
Immune sera* 


Sheep Immune sera c 


24*43, 

i * 

* •* ■ . * 
• M . r * . * - . 

• * 


iO-39 

111-124.* 

* $ -* j- 


.30 

i, 

i8. ? ;* 


. . IgE, lgG4, IgA . . 
* ' . lgE.lgG4,lgA 


IgG (mouse) 
IgG2a(rat) 

IgG (mouse) 

lgG2a, lgG2c 
(rat) 
IgO, IgE , 
. .ND.--. ; , 


Minor specific epitope (1 7-25) on 

rGST51 and rGST1 
Dominant specific epitope, 

Region C # (35-47) on rCSTSI 
• andrGST7 
Minor specific epitope (105-1 17) 

on rGSTJ 
Minor 'specific epitope 11 1 7-125) 

onrGSTI 
Poorly rekognlzed \r . .* - 
Poorly recognized. 

Minor specific epitope'<1 95-20$)* * l * 
on fCST51 , rG5T47 arid rCSTI * 

Minor specific epitope (201-213) 
on rGST51 


mk 


133-144*. 
149-166 ? * 
■ \ . 189-210* ' 

r 


• -• * • .W'v^ 

" \ - Kr". * 


lgE-/lgCt4;lgA,^gC3^.; : ^ 


'Sera from » human population Infected with S. mansonl (33. 34). 
• Sera frontrats and mice vaccinated with Sm28 (32, 35. 36». ■ 
•^fctfirom^vaccta^ • * ■ 







.: molecule. In.the same study*. 30%. of peptides,- encoding 

• the sequence N-terminal to; the trypsin cleavage site of {he 
polyvinis coat protein JGMV-JG, cross-rtacted with rabbit 

• an&eraraised to the whole virus, a-tgtal of nine antigenic 
■ regfons^^amino adds^Contrastinglyi seven regions' of 
•-• reactivity representing only 17% of peptides encoding di- 
•. hydrflfo^teieductase cross-teacted -with <a rJbol of (n .=.-2) ' 

?pserum to this protein (41 ^Similarly, sera.frojn 
vv» ■'. . ?aWe,^jfected with Mycobacterium ir&tehad/exceedtagiy 

.;\ • .• : Va. /alpw.J^ct^jty to die overlapping, pep tides of MPB7Q,* 
- i, a .-. iWioi secreted M, bovis fiotein, despite high^\b !titers.to 
f -jr 5*\. .itfee.n^e protein (42). One major regfoa was recognized 
. . by.titt^fafectionsen^bAonlyoM se^m displ'a 

activity, albeit low; to other regions-along theT>rotem length. 
I^J^^'.^'-Uc^Iization of epitopes on the 3D model:: has shown 
.;. V';f .-V '.- •„ |hat r^dpminant epitc»pes"jue on both loopsin^ 
j, / j hV . '..shTic^ features such as^a-helices affa;frstrands. l Many.i 
: ^^^^^?S^ kll ^f st ™^t'faturcs arejli^iuift^a&fe-- 
'ffi • v*3fc*i sible^iti^Iikely that ^jo^regio^aip'ahtigenlcally. ' 
3y: i*V . ■*» important Antigenic jtftes on *beJk»i;reglori5-iend 
'; -"^te^^on short stretf^o^ « 
. • • . of hdice^coHtesponding^to regipi».;expepted.to lave i 
nigte|^ice. of .flexibility (28), Desp jte ihe finding of 
WISEJ!*^ on loops (regions A.»;#nd;.e%:afeas.clas» 
with high. acc^Uiiy ; an±flexa^ 

."^-^iSfWMlnWm" aife.str^gly^ano^ni^(p^tid^ 

■'.n» z r ^lifaad I71-173) (r%'5).Tlu>nigTillgntsmer^ 

of defining epitopes solely on the oasis of these-parameters. 
.•.The;r^gi<m.ijf the 30 ir^lcorresr«iid1ng.jpregiott^ 
was found to be of consistently high antigenicity trot was • 
* . in a region of the 3D model that exhibitetl both' low flex- 
jbttity and surface accessibUity. This could be due to errors 
" iirilte-mdaa, 'although this would be unillcely 'due fe the 



hi^i sequence identity of ttie rat ifnu-daSs aritf HiGSTSh * 7 
. Tins region has alsb been showti to have low flexibility " j i « 
and surface accessibility in' the alpha- and Tpi-class struc- ' ** ' 
tures, implying ftdsiuTie stmctural characteristics are 6B- X 
served in aircla$$eV(s^ 

this epitope tjccurs because of cbnforiifiationia viWafions % ' 
of the FhGSt ! *A&lec^e^Prom ex^niiiaffon ^dfffle tempef-r' 1 - 
^ature'.factonf O0f iiange of GSTf straciiiTO^it been' 1 
shown thtf'telix^^^ . 
is' extremely fleidble^(see footnoted); If Ihis helbt were^to 
move, iVNvdulo^ expose ftgion ^pf the FhGST molecule •* '* 
* .ahd^woulff arco^ SH;./ 
evident that Suggests this helix cduldmove^^ . 
vided ma jstu^OTttfcuman ir-class GST C43).*A disulfide V s « 
vbond was described betweb a cysteine in heUx^(domain ^ * s * 
,L) with ahotocr 'cysfeiSe in domain n that is nicore\tHari 



: ;yiotisfiridiri^^i^ , 
M ^ sheep indtee^bSth an JjgGl a^HgG2 isotype response- * ^">" 
t<bta not slioro^lfie, dominant ^ e^topesf at i^pbis A, Bi « ; *^r ' 




Figure 7 ^fii believed tb be influenced by tfie loWei: liter of > 
IgG2 and/or trie lower sensitivity of the assay: Air analysis • 
of the average keflctivity'of IgGlAb fbiffid a'crtniteable ^ • 
profile as seett^fiSai Abfa Rgiirc lexcept with a ihuch 

of W^l'M^ Ab reacting with sihtfrar ^tides^ 
is consistent with the finding of multiple Ab fsbtypes itf * 
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. human sera cross-reacting with the same peptide from 
Sm28. However, with these data and our study, it was not 
possible to determine if the same critical residues were 
cross-reactive for each Ab isotype. 

Potential antigenic regions on Sm28 were predicted 
from hydrophilicity, accessibility, and mobility plots. Pep- 
tides that cover a large proportion of the total sequence 
were extensively characterized for the presence of both B 
and T cell epitopes in both aninriil models and against 

. human infection sera (II), A" comparison of the sequences 
of the Sm28 peptides with the homologous regions of 
F: hepatica finds few similarities in 'reactivity. This may 
be a direct consequence of the limited sequence homology . 
between the two species (<30% in the peptides shown in 
Table^I);Sm28is achimerdofbo^alphaandmuhomol^ 
gous Sj^ences (44J whi^y^ f. hepatica 

share greatest homology with the mta:la^ o£ mammalian 
GST (18). It may also highlight differences in reactivity as 
a consequence of the 3D location of a peptide including 
accessibility of those peptide sequences in the globular 
protein. Most striking was the absence of equivalent B cell 
epitopes in FhGST as observed on Sm28 on peptide 140- 
150. The equivalent region in FhGST (133-144) has high 
surface accessibility but is jwqrly'antigetiic. These differ- 
ences may be due to the variation between host species in 
die repfertoire'bfB cell responses (sheep irt our study vs 
mice* rats^ancl humahs). • .Vc -; • •;*. 

Analysis *of subclass Ab 'reactivity -for the* Sm28 GST 
and the individual Sm28 peptides has found a relationship 
betweenr'^uscepdbility and resistance to infection to 
£ ffca/uow.inlium^ iden- 
titled IgE'anti i£G2a respchiSes, to peptides 24-43 and 
'115^131 /^W^onsibl&tor^observed Ab-dependertt cel- 

■ ltilar cytotoyicily to^Uhe larVa^bf ScHiStosomtrin the pres- 

: ehce dffeosinophils'^eff 
block this effect (33). Ovine IgE has recetf tly been cloned 
(32) and. monospecific reagents for its immunochemical 
d6tecUbn > M^^|erly' awaited: A coirt^6h ; of tfife shefep 
IgE respQrise Vo ; peptides of FfiGST ^ill 1 reveal whether 

' such a fesponse'correlate^ Wjth'the level of protection ob- 

Served in^hecipy ' . • ' - : / f ' : \* 

' respond id •* peptide(s) with proteirfionv>t:botli thfc total 
antibod^-^d toe* igGl» Sinil r agG2 is'ot^ I^vel.. This is 
despite maify of the^.aretl arid s^fic epitopes, including 
regions A-ahd C; containing resiflues believed to lie within 
thfe glutathione' and hydrophobic binding sites asvdefined 
;bjh£^l^si^^ pla- 
_wnta : #H6(^ GSTs and -d&nS ^u^l^(^t'(4^6). For 
^ex&hpi^tr|)3&; Lys42 t Leu50; and PrbSiare known to be 
assotiatfed ; With binding of glutathiorifc at the adtive site of 
the pig;, hiiriian arid rat G^STs. These' residues are con* 
siervei'ij^"/ 1 ; hepatica mid' are located in the dominant 
epitopes dt regions A and Gf. Similarly, Tyr7; shown to be 
essential in catalysis (45-47), is Conserved in F. hepatica 
and is lofcated within a minor epitope oh all four of the 



FhGST. The definition of epitopes within or near the ac- 
tive sites suggests that binding f antibody could inhibit 
the enzyme activity of the molecule. However, antibody 
binding, to active site residues does not correlate with pro- 
tection and in recent in vitro studies we were unable to 
inhibit the enzymatic conjugation of l-chlor-2,4-benzene 
to glutathione by native FhGST using these polyclonal 
sera (Chris Morrison, personal communication). The latter 
finding may reflect the high affinity FhGST has for these 
substrates and current studies ate -aimed at investigating 
the ability 6f (he antisera to inhibit a range of efectrophilic 
substrates with lower affinity forthe enzyme: Despite the 
failure to demonstrate injiibition with these tintisera; stud- 
ies with mAtub Srn28 have shovyn that enzyrtie inhibition 
is not essential .for inducing a reduction ' in, wortn bimieii 
against X mansoni (13)*; It wilt-J^in^ 
studies to determine ^hetl& • 
of enzyme activity is important for the observed reduction 
in worm burden in vaccinated sheep and, moreover, to 
determine the role of Ab in the immunity of sheep to 
F. hepatica;* "V : : y •*,?;-..•. ' * . • 
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